• The Canadian Healthy Eating Index (C-HEI), a dietary pattern score which reflects age-and sex-specific dietary recommendations in the 2007 Eating Well with Canada's Food Guide (CFG), can be used to measure and monitor diet quality.
• Food group equivalents (representing CFG servings) are required to derive the C-HEI, however, these variables are absent from most Canadian nutrient databases.
• This study demonstrates a rigorous yet feasible approach for adding food group equivalents to the Canadian Diet History Questionnaire II nutrient database.
• Now, the Canadian Diet History Questionnaire II can be used to derive the C-HEI to quantify diet quality in Canadian populations. adaptation 8 , the Canadian Healthy Eating Index 2005 (C-HEI) was created using the 2007 Eating Well with Canada's Food Guide (CFG) 14 recommendations and serving equivalents, thus reflecting the Canadian age-and sex-specific dietary recommendations. The C-HEI is therefore appropriate for monitoring and evaluating the diet quality of Canadians.
Introduction
Dietary pattern indices are multidimensional measures that capture several components of diet and can be used to assess diet quality. 1 There is growing interest in the development, estimation, and application of dietary pattern indices because of the relation between diet and chronic diseases [2] [3] [4] [5] and mortality risk. 6 From a surveillance perspective, some dietary pattern indices are useful in determining how well populations meet national dietary recom mendations. 7, 8 The Healthy Eating Index (HEI) 9 is a diet quality score originally developed by the United States Department of Agriculture. Similarities between the dietary recommendations for Canada and the United States facilitate the adaptation of the American HEI for Canada. 8, [10] [11] [12] [13] In one and moderation components 8 with higher scores representing closer alignment with CFG recommendations. The C-HEI adequacy components reflect intakes of total fruits and vegetables, whole fruit, dark green and orange vegetables, milk and alternatives, meat and alternatives, total grain products, whole grain products and unsaturated fats. The moderation components reflect intakes of sodium, saturated fats, and other foods not recommended in CFG. Table 1 outlines the C-HEI 8 scoring criteria.
The Canadian Diet History Questionnaire II (C-DHQ II), a comprehensive food frequency questionnaire, was recently adapted for use in Canada from the US National Cancer Institute's DHQ II, using dietary intake data reported in the Canadian Community Health Survey, Cycle 2.2, Nutrition (2004) 15 to create the 331 C-DHQ II database food categories. The C-DHQ II is available online 16, 17 and is used in numerous Canadian studies currently in progress 18, 19 and there is growing interest in using it to assess diet quality as was an earlier version of the ques tionnaire. 20 We describe methods used to create food group equivalents (representing CFG servings) required to derive the C-HEI (total fruits and vegetables, whole fruit, dark green and orange vegetables, milk and alternatives, meat and alternatives, total grain products, whole grain products and other foods) for foods queried on the C-DHQ II. We also present food group equivalents and C-HEI scores derived from the C-DHQ II for a sample of Canadian adults enrolled in the "Pathways to Health Study." 21 This article is based on a larger study reported in the graduate thesis Associations between the Neighbourhood Food Environment, Neighbourhood Socioeconomic Status and Diet Quality in Canadian Adults.
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Methods
An overview of the steps required to derive the C-HEI from the C-DHQ II is presented in Figure 1 . Eight new variables representing food group equivalents (CFG servings) for total fruits and vegetables, whole fruit, dark green and orange vegetables, milk and alternatives, meat and alternatives, total grain products, whole grains and other foods, were created for each of the 331 C-DHQ II nutrient database food categories. Algorithm steps for creating the new variables from Canadian a For adequacy components, 0 points for minimum or less, 5 or 10 maximum or more, and proportional for amounts between minimum and maximum.
b According to age and sex, as specified in Canada's Food Guide.
c For moderation components, 10 or 20 points for minimum or less, 0 points for maximum or more, and proportionally between minimum and maximum.
Community Health Survey foods are shown in Figure 2 .
Multiple data sources were used to compute the new variables: the C-DHQ II nutrient database, the most recent US DHQ II nutrient database, Health Canada's Classification of Foods in the Canadian Nutrient File According to Eating Well with Canada's Food Guide report and accompanying database (hereafter referred to as CNF/CFG Classification) 23, 24 , the detailed food and recipe file derived from the Canadian Community Health Survey 15 and used in the development of the C-DHQ II nutrient database, the National Health and Nutrition Examination Survey food and nutrient database used to create the US DHQ II nutrient database, and the US Food Patterns Equivalent Database. 25 Of the 331 food categories in the C-DHQ II nutrient database, 302 were divided into four broad groups based on their composition (ingredients). Algorithms of varying complexity were required to disaggregate the food categories according to the components of the C-HEI (food group equivalents). The four algorithm groups were: 1) simple foods; 2) mixed foods; 3) fatadded foods; and 4) exception foods ( Figure 2 ). The 29 remaining food groups were allocated on an individual basis. The simple foods category represented C-DHQII foods that comprise mainly single food items (e.g. milk, bananas, peppers, breads, and meats). The mixed foods category represented C-DHQII foods that comprise multiple foods (e.g. pasta with meat sauce, chicken mixtures [sandwiches], pizza with vegetables and meat). The fat-added foods category represented C-DHQII foods that comprise simple food items identified in the C-DHQII as having fat added in the cooking or preparation process (e.g. peppers with fat added). The exception foods category represented C-DHQII foods that were usually not consumed as stand-alone foods (e.g. sauces, spreads, and condiments).
For each of the 302 food categories we identified the top one to three most frequently reported foods in the Canadian Community Health Survey food and recipe file (hereafter referred to as the primary foods) to represent the corresponding C-DHQ II food category for deriving food group equivalents. The top two or three foods were examined if multiple foods with similar nutrient profiles were reported at similar frequencies of intake. In cases of multiple primary foods, we estimated the average standard CFG serving weight in grams and then weighted the food group allocations accordingly.
The primary food(s) identified in the Canadian Community Health Survey food and recipe file were further examined to confirm that they were sufficiently representative of corresponding C-DHQ II food categories by comparing their nutrient profiles to the category-specific nutrient profiles in the C-DHQ II nutrient database. Nutrient content for key nutrients [energy (kcal), total sugar (g), total fat (g), total saturated fat (g), and sodium (mg)] were compared for 100 gram equivalents of food. The primary food was deemed sufficiently representative if the key nutrient values from the Canadian Community Health Survey file and the C-DHQ II nutrient database profile differed by ≤ 5%. In cases where the difference was > 5%, the next most frequently reported foods were additionally considered until a sufficient representation was found (exploring up to three top reported foods per C-DHQ II food category). This approach, while conservative, was considered reasonable based on the expert opinion of the authors (MM, IR, IM and IC).
In reality, the number of nutrient profiles examined to identify a primary food varied when the top most frequently reported foods were reported at similar frequencies. In such cases, the key nutrients of all the top reported foods were examined to determine similarities amongst their nutrient profiles. If the nutrient profiles differed by ≥ 10%, then up to five foods were considered for analysis. We then calculated food group equivalents for each food and then averaged the nutrient values to determine a final value. Other exceptions occurred in the mixed foods algorithm where up to 20 nutrient profiles could be examined to determine the most representative primary food(s) by consensus established amongst co-authors. This was done to account for the diversity of foods included in C-DHQ II mixed foods. Two coauthors (IM and IR) randomly reviewed 10% of the food group equivalent variables as a quality assurance check by manually recalculating the food group equivalents to ensure the algorithms were correctly applied.
The CNF/CFG classification was designed by Health Canada to assess the Canadian population's adherence to the CFG recommendation for food group intakes for healthy eating. 23, 24 The CFG classification was applied to the Canadian Nutrient File (2001b) 26 which was the nutrient composition database linked to reported foods in the Canadian Community Health Survey. The CNF/CFG classification assigns each CNF food to a CFG food group and subgroup. For the four major CFG food groups (vegetables and fruits, grain products, milk and alternatives, meat and alternatives) CNF foods are classified into "Tiers" according to the quality of their alignment with CFG recommendations with additional consideration given to fat, sugar, and sodium content. 23, 24 Tier 1 and 2 are "foods in line with CFG guidance"; Tier 3 foods are "foods partially in line with CFG guidance"; and Tier 4 food are "foods not in line with CFG guidance." 23, 24 We used the CNF/CFG classification and accompanying database to identify the weight of one standard CFG serving size of the primary food and the CFG food group(s) to which the primary food Notes: N = 29 food groups did not follow any of the algorithms because the foods were either not found in the CNF/CFG, the foods comprising the C-DHQ II group could not be determined, or there was substantial conflict in Tier allocation for the most frequently reported foods. These food groups were considered on an individual basis and reviewed by at least 3 reviewers. According to the CNF/CFG Tool: 7000 = "other foods recommended in the CFG"; 8000 = "recipes not classified"; 9999 = "food and beverage not classified".
All 331 C-DHQ II food categories N=331
All C-DHQ II food groups are categorized into 4 mutually exclusive groups.
Simple foods N=208
Fat-added foods N=19
Mixed foods N=38
Exception foods N=37
Step 1: Complete steps 1 to 4 as in "simple foods" for foods with 7000, 8000 and 9999 classification in CNF/CFG classification.
Step 2: 7000 and 9999 coded foods are not considered for allocation toward any of the CFG equivalent variables.
Step 3: 8000 coded foods: assess sugar, fat, and sodium content of C-DHQ II group using RA values, the method and thresholds described in CNF/CFG classification for Tiers.
Step 4: if the food is determined to be Tier 4, allocate the caloric value to the "other foods" variable. All other variables receive value of 0. If the food is determined to be Tier 1-3, repeat steps 2 to 6 as described in "mixed foods".
Step 1: Identify primary foods in CCHS detailed file.
Step 1: Identify primary foods in CCHS detailed file using C-DHQ II food groups without the fat added.
Step 2: Determine the CFG food group(s) from Tier allocation for primary food in the CNF/CFG classification.
Step 3: Determine grams of fat added by subracting the weight (g) of the non-fat-added C-DHQ II group weight from the fat-added C-DHQ II group in the C-DHQ II nutrient database.
Step 4: Determine the primary type of fat added (saturated vs unsaturated) using C-DHQ II nutrient database.
Step 5: For primarily unsaturated fats as the added fat, use the gram weight of fat the fat added C-DHQ II food group to repeat steps 3 to 6 as described in "simple foods".
Step 6: For primarily saturated fats as added fat, use the gram weight of no fat added C-DHQ II food group to repeat steps 3 to 6 as described in "simple foods". In addition, calculate the caloric value of added saturated fat and allocated the caloric value to the "other foods" CFG equivalent variable.
Step 2: Query primary food in the CNF/CFG classification to determine weight in grams (g) of 1 CFG serving.
Step 2: Query primary food in US DHQ II MPED/FPED detailed file and determine up to 3 primary MPED/FPED equivalents (measured in US cup or oz/100g).
Step 3: Adjust the MPED/FPED equivalent to be MPED/FPED value per gram weight of each C-DHQ II portion weight (g).
Step 4: Query the weight (g) of 1 CFG serving and 1 US serving for each food that constitutes the primary MPEDs/FPEDs identified in step 2, in the CNF/CFG classification tool and the MPED/ FPED User Guide, respectively.
Step 5: Using values determined in step 4, adjust the US standard serving weight to reflect the CFG standard weight for MPEDs/ FPEDs value in step 3. Product is the number of CFG serving equivalents.
Step 6: In the C-DHQ II nutrient database, allocate CFG serving equivalents to appropriate CFG serving equivalent variable (s) which align with the MPED/FPED allocations. All other CFG serving equivalent variables receive a value of 0.
Step 3: Compare nutrient profile of food identified in the CNF/CFG classification to nutrient profile in the C-DHQ II nutrient database.
Step 6: In the C-DHQ II nutrient database, allocate the value to the appropriate CFG serving equivalents variable(s) (identified in step 4). All other CFG serving equivalent variables receive a value of 0.
Step 5: Divide the weight (g) of each C-DHQ II portion size by the weight (g) of 1 CFG serving of the primary food identified in step 2.
Step 4: Determine the CFG food group(s) allocation for primary food in the CNF/CFG classification database.
belonged (i.e. where the food group equivalent should be allocated). All Tier 4 foods and those coded in the CNF/CFG classification as "other foods"; "meal replacements and supplements" and, "foods and beverages not classified" were allocated to the food group equivalent for "other foods". In cases where the primary food was not found in the CNF/CFG classification, or if the exact type of food was unknown (e.g. "bread" with no further descriptors) the standard weight for such foods in the CFG 14 was used (e.g. in CFG the serving weight for bread is 30 g). For primary food(s) not found in the CNF/ CFG classification or in the US DHQII or National Health and Nutrition Examination Survey database, consultation among authors determined the most appropriate CFG food group allocation(s).
For multiple primary foods and where there was discrepancy in Tier classification between the primary foods, the Tier classification that best represented the primary food was assumed (i.e. the Tier allocation that appeared most frequently). When the predefined algorithms could not be used due to missing information (e.g. primary food was not found in the CNF/ CFG classification database), and for foods coded in the CNF/CFG classification as "recipes", similar foods or ingredients, were identified to determine an appropriate Tier allocation for the C-DHQ II category. In such cases, authors discussed and decided on appropriate group allocation.
For the mixed food algorithm, we employed the US Food Patterns Equivalents (FPED) and MyPyramid Equivalent Database (MPED) food group allocations in the National Health and Nutrition Examination Survey foods and recipes database to guide food group equivalent allocation. MPEDs were used for grain products (instead of FPEDs) since the methods employed to derive their values aligned more closely with the current method for deriving food group equivalents. 26 To determine the ingredients of mixed foods (e.g. type of meat, vegetable, grain), the descriptors of the primary food(s) found in the Canadian Community Health Survey food and recipe file were used. In some cases, assumptions were based on the authors' knowledge of ingredients typically included in mixed food recipes (e.g. for vegetable spring rolls, cabbage was assumed as the primary contributor to the vegetables and fruit CFG food group). To confirm acceptability of assumptions, we compared the nutrient profiles of primary food(s) in the National Health and Nutrition Examination Survey database to nutrient profiles for the food category in the C-DHQ II nutrient database, with attention to key nutrients previously mentioned. An approximate threshold of 20% difference between the two nutrient profiles was deemed acceptable given the difference in food composition between the US and Canada. 17 For each primary food, the three highest contributing FPED (and in the case of grains, MPED) values were adjusted to reflect the total gram weight of each ingredient of the mixed food found in each of the six C-DHQ II portion sizes. The gram weights were then adjusted from US standard serving weights 26 to standard CFG serving weights. 24 There were 29 C-DHQ II food categories that could not be allocated according to the four mutually exclusive food groups because either the foods were not found in the CNF/CFG classification, the foods comprising the C-DHQ II food categories could not be determined, there was substantial conflict in Tier allocation for the most frequently reported foods, or the food was not relevant for C-HEI estimation (e.g. spices, coffee, tea). We reviewed these 29 C-DHQ II food categories on an individual basis.
Because no brand names were available in the Canadian Community Health Survey foods and recipes file for ready-to-eat breakfast cereals, they could not be identified in the CNF/CFG classification to determine if they contributed to whole grains. As such, an algorithm was designed to minimize the under-estimation of whole grains. To determine a standard gram weight for 'ready-to-eat' breakfast cereals in the C-DHQ II food categories, an average weight from all 'readyto-eat' breakfast cereals in the CNF/CFG classification database was calculated. To ensure that an accurate amount of whole grains were allocated, the US DHQ II databases allocation of whole grains for 'ready-to-eat' breakfast cereals was used. The MPED groups considered were "total grains" and "whole grains" and used in the formula:
We then multiplied the percent whole grain in total grain MPED by the Canadian total grains value (using the simple foods algorithm) to estimate the value to be assigned to whole grains food group equivalent variable.
Completed food group equivalents for all C-DHQ II food categories were added to the C-DHQ II nutrient database. Daily intake of food group equivalents for each food group was estimated by the DietCalc software (version 1.
5.1), the nutrient analysis program for the C-DHQ II. SAS was used to analyze the C-DHQ II output and to derive the C-HEI (the SAS code to derive the C-HEI is available from authors).
Test sample and procedure
Participants recruited from the "Pathways to Health Study" 21 , a study aimed at investigating the relation between diet quality and neighbourhood environments in adults, completed the C-DHQ II. The study began in April 2014 and included a two-staged stratified random sample of adults from 12 Calgary neighbourhoods, in Alberta, Canada. The 446 participants who responded to mailed invitations to complete the online C-DHQ II are included in this analysis.
All analyses were stratified by sex. Descriptive statistics (means, standard deviations, median, minimums, and maximum) were computed for: C-HEI total score, C-HEI component scores, energy intake, and the number of CFG servings. Mean energy intake and CFG servings were examined to determine the plausibility of results based on 'a priori' knowledge of food intakes in comparable populations.
Previous reports suggest that C-HEI scores vary by socio-demographic characteristics (e.g. sex, age, ethnicity, immigrant status, household income, education level, and smoking status). 8 We used ANOVA with post-hoc Bonferroni adjustments to estimate differences in total C-HEI scores by: age group, marital status, level of education, gross household income, smoking status, and ethnicity in the total population and by sex. In addition, we assessed the linear trend in C-HEI scores for household income category and education level in the total population and by sex. We used independent t-tests to estimate differences in C-HEI component scores, by sex. Statistical significance was set at α < 0.05. All significance testing was completed using Stata statistical software: Release 13.0 (StataCorp LP, College Station, TX, US).
Results
The study sample consisted of 172 men and 274 women. A majority of the participants were married/living with a partner, had at least a high-school diploma, had a household income above $60 000, were non-smokers, and were white ( Table 2 ).
The distribution of C-HEI scores was approximately normal (data not shown). The mean daily C-HEI score was 64.4 (standard deviation: 10.8) ( Table 2 ). Men (61.5 [10.5] ) and smokers (56.9 [11.8]) had lower C-HEI scores than women (66.3 [10.6] ), and non-smokers (64.7 [10.6] ), respectively. Further, there was a statistically significant increasing linear trend with level of education. Non-smoking status and higher education was also associated with higher C-HEI scores amongst women but only non-smoking status was associated with a higher C-HEI score in men.
The mean (standard deviation) daily energy intake was 1650 (717) kcal (Table 3) . The highest mean number of average daily CFG servings was reported for total vegetables and fruit 6.3 (3.2) and the lowest was for whole grains 0.4 (0.4). For every CFG food group, the mean number of daily servings was below the CFG age and sex-specific recommendations.
C-HEI component scores are presented in Table 3 . Compared to men, women had significantly (p < .05) higher 'unsaturated fat', 'sodium', 'meat and alternatives', and 'other food' component scores while men had significantly (p < .05) higher 'saturated fat' component scores. Figure 3 illustrates the multidimensional aspect of the C-HEI and the variation in compliance with recommendations for adequacy of food group intakes and moderation in the intake of not recommended dietary components. On average, none of the recommendations for these components are met 100%, and men and women follow similar patterns of alignment with C-HEI component intakes. The lowest scoring component was whole grains while the highest scoring components were unsaturated fat, whole fruits, dark green and orange vegetables, and total fruits and vegetables.
Discussion
We describe methods for creating food group equivalents (CFG serving variables) for the C-DHQ II nutrient database estimation of the C-HEI. Algorithms were developed to create the food group equivalent variables and applied to the most commonly consumed foods from the Canadian Community Health Survey food and recipes file which were linked to food questions on the C-DHQ II. This approach was an efficient and robust strategy since the C-DHQ II food category nutrient profiles were weighted most heavily on foods that contributed substantially to Canadian diets 15 and hence were foods that were most representative of C-DHQ II food categories. The mean C-HEI in the participants from the Pathways to Health study was comparable, albeit somewhat higher, than values previously reported for the Canadian population. 8 Consistent with findings from previous Canadian data 8 we found differences in the C-HEI by sex, smoking status, and education.
The range and normal distribution of the mean daily food group equivalent intakes observed suggest that the method applied yielded reasonable estimates of intake given their similarities to previous reports in the Canadian population. 8 The intakes of the number of total fruits and vegetables, whole fruits, dark green and orange vegetables, and meat servings were slightly left skewed which is expected given that North American diets tend to be high in animal protein 27, 28 and over-reporting of fruit and vegetable consumption is common due to social desirability. 29 Consistent with previously reported Canadian dietary patterns, women reported a higher median number of fruit and vegetable servings per day compared with men 30, 31 , while men reported a higher median number of meat and alternatives servings per day. 30 Intake of grains and whole grains as measured by mean daily CFG equivalent intake was low. A potential explanation for low total grain and whole grains intakes may be the increase in non-celiac gluten sensitivity 32 and a trend toward the adoption of glutenfree and low-carbohydrate diets [33] [34] [35] which can limit the intake of grain products. Finally, the food group equivalents intake distributions were similar to what has been previously observed in Alberta. 20 The mean daily C-HEI score (64.4) was somewhat higher than what has been previously observed nationally (58.8) 8 and in Alberta (men: 51; women: 56). 20 The differences between the C-HEI scores reported in this study population and those reported by others likely reflect differences in the study sample designs and data collection strategies. Nevertheless, the differences in C-HEI scores across levels of socio-demographic characteristics in our study were consistent with findings from another Canadian study that reported differences in C-HEI by sex, smoking status, and education level. 8 For the C-HEI component scores, with the exception of total vegetables and fruits, meat and alternatives, and whole grains, all possible minimum and maximum values were observed, demonstrating that the primary food method allowed a full spectrum of component scores to be obtained.
Limitations
Underreporting is known to exist with most methods of dietary assessment 36, 37 and is expected to have played a role in our study. 38 Food frequency questionnaires have been observed to be associated with substantial energy intake underreporting when compared with the objective measure doubly labelled water [38] [39] [40] ; and hence underreporting is also expected with the C-DHQ II. Underreporting of the C-DHQ II likely led to the underestimation of overall energy intake. However, evidence suggests there is also differential misreporting by food type on food frequency questionnaires. 41, 42 For example, vegetables and fruits tend to be overestimated while sugars, sweets, jams and some grain products are underestimated. 42 Additionally, social desirability response bias is plausible given that those who chose to respond to the questionnaire may have underreported food groups labeled as 'unhealthy' in popular media (e.g. grain products). Hence, dietary misreporting may lead to the under-or over-estimation of C-HEI adequacy and moderation components, and total C-HEI scores. Although the average daily food group equivalents and C-HEI estimates in the current study are generally consistent with existing CFG food group servings 30 and C-HEI distributions 8 , some estimates may be low (particularly grain and whole grain estimates). This could be an artefact of not being able to identify the primary food given the lack of name brands and the difficulty of estimating the grain component of mixed foods or using only the most commonly consumed foods reported in the Canadian Community Health Survey and linked to food questions on the C-DHQ II.
The cut-off values for confirming sufficient representativeness of the primary foods (< 5% difference) and the difference in compositions of mixed foods using the US MPED and FPEDs (~20%) were determined by the authors. If the cut-offs were too liberal or conservative, it could have resulted in misclassification of the C-DHQ II food group into the C-HEI variables.
Conclusion
The addition of food group equivalents to the C-DHQ II nutrient database allows researchers to compare average daily food group intakes to the healthy eating recommendations of the CFG. Further, the derivation of the C-HEI allows Canadian researchers to examine the relation between diet quality and chronic disease risk using a questionnaire designed specifically for Canadian populations.
